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tFirst, let me express my gratitude to all of you for
allowing me to serve as the President of the Southern
Association for Vascular Surgery. Today, I will explore the
state of vascular surgery education, including my personal
view of the strengths and weaknesses. Then, I will review
the aviation training model and, finally, offer a few
thoughts on ways to improve vascular training. As we begin
this journey, I would remind you that our education system
is critical to our success as a specialty, and that each of us has
a stake in the outcome.
What is the current state of vascular training? We must
be doing something right! We are producing vascular sur-
geons with a skill set that is unmatched by other vascular
specialists. We are leaders in minimally invasive endovascu-
lar procedures and masters of the most complex open
operations. Further, there is growing interest in vascular
surgery among medical students, especially women who
now represent more than 30% of all vascular residents.1
There are now 40 positions offered in 36 Accreditation
Council of Graduate Medical Education (ACGME) ap-
proved integrated vascular residencies, (the so-called 0 5
programs), and an additional 16 programs are in the pro-
cess of submitting applications.2-4 Vascular surgery is now
recognized as one of the most competitive residencies
based on the percentage of positions filled by US medical
school graduates along with dermatology, orthopedics, ear,
nose, and throat, radiation oncology, plastic surgery, and
thoracic surgery.5
The year 2012 will be a historic year in vascular surgery.
This June, the first 0 5 trainee will complete an integrated
vascular surgery residency. But what will these surgeons
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doi:10.1016/j.jvs.2012.01.080ook like? Will they gain the core surgical skills traditionally
astered over 5 years in general surgery or will they be
uper-specialists dependent on consultants to provide com-
rehensive care, similar to urology or orthopedic surgery?
ill the decrease in open abdominal surgery result in a
eneration of vascular surgeons with inadequate open op-
rative skills?6 If you believe that education consists entirely
f emulation, in the “see one, do one, teach one” tradition,
hen what I have to say will be of little interest to you. I
elieve it is critical to ask if we have the best educational
ystem for training the next generation of vascular sur-
eons, or are we wedded to the Halstedian apprenticeship
odel because that is all we have ever known? In order to
mprove, I have identified some of the potential areas of
oncern for vascular surgery educators (Table I).
Over the last few years, we have been inundated with
rticles in both the academic and lay press emphasizing the
arallels between surgery and aviation.7,8 In both cases,
ighly motivated, well-trained individuals undertake com-
lex missions under potentially stressful conditions. But are
he parallels between surgery and aviation really valid? To
nswer this question, I decided to learn more about avia-
ion training and I will share with you a few of my thoughts.
I began my journey by phoning a friend. Admiral
atrickWalsh was the president of my high school class (Fig
). After graduation from the Naval Academy, Pat went on
o a distinguished career in Naval Aviation, including a tour
s the slot pilot with the Blue Angels. He later served as a
hite House Fellow and is now the Commander of the
acific Fleet, responsible for 180 ships, 2000 aircraft,
25,000 sailors, and a multibillion dollar budget (Fig 2).
e discussed the training of high-performance fighter pi-
ots. I have distilled these conversations into the following
rinciples: (1) do the right thing all the time, (2) do not
nderestimate your capacity for excellence, (3) practice,
ractice, practice, (4) trust the people around you, and (5)
ake care of yourself. One of the primary goals of aviation
raining is to develop a habit of doing the right thing all the
ime so that fatigue, stress, or incoming missiles will not
eter you. All of these principles seem relevant to surgical
rainees. I visited Naval Air Station, Whiting Field, just
utside of Pensacola, Florida, the “cradle of Naval avia-
ion.” Most Naval aviators pass through these gates on the
ay to receiving their wings, but the journey to the cockpit
1801
r
m
t
d
o
M
s
s
a
a
p
s
a
s
t
e
d
m
i
p
l
r
i
i
i
c
b
s
p
c
a
A
t
a
t
n
r
a
t
p
f
l
i
f
l
I
t
fi
h
i
i
a
c
JOURNAL OF VASCULAR SURGERY
June 20121802 Eidtbegins long before primary flight school (PFS) with an
arduous selection process.
APTITUDE TESTING AND SELECTION
Since World War II, in addition to academic records
and letters of recommendation, prospective Naval aviators
are also ranked by their performance on a specially-
designed aviation aptitude test called the Aviation Selection
Test Battery (ASTB). The ASTB is administered by the
Naval Aerospace Medical Institute and includes subtests in
mathematical skills, reading skills, mechanical comprehen-
sion, spatial apperception, as well as aviation and nautical
information. The ASTB has been shown to be highly
predictive of performance both in the classroom and the
cockpit.9 It has been estimated that the ASTB saves the
Navy more than $30 million a year in the costs associated
with training attrition (Personal communication, Lieuten-
ant Brendan D. Cox, Aerospace Experimental Psycholo-
gist, Naval Aerospace Medical Institute, Pensacola, Fla,
July 2011).
Aptitude testing in surgery has not met widespread
acceptance, at least in part, due to concerns regarding the
Table I. Potential areas of concern for vascular surgery
educators
1. Limited access to medical students.
2. Imprecise selection process.
3. Inadequate preparation of medical students for patient care.
4. Stress, fatigue, and burnout.
5. Heterogeneity in program quality especially complex open
surgery.
6. Lack of readiness for independent practice.
7. Limited availability of valid patient-specific high fidelity
simulation.
8. Inadequate advanced technical skills training for surgeons in
practice.
9. Complexity of modern surgical practice.
10. Shortage of vascular surgeons.
Fig 1. Admiral Patrick Walsh, Commander of the Pacific Fleet
and former Blue Angel pilot.balance between innate abilities and learned skills.10 Cur- lently, surgery program directors rely almost exclusively on
edical school transcripts, performance on standardized
ests, and personal reference letters in the process of candi-
ate selection. Thesemetrics are often inaccurate predictors
f future performance in the operating room. For example,
edical College Admission Test (MCAT) scores have been
hown to have a negative correlation with later success in
urgical residency.11 On the other hand, Schueneman et
l12 showed that visuospatial organization, stress tolerance,
nd psychomotor abilities correlate positively with surgical
erformance. Sachdeva and Blair13 have suggested that
election criteria might also include personal qualities such
s introspection, inclination to critically assess one’s
trengths and weaknesses, the ability to function well in
eams, and willingness to accept change. There is now
vidence that innate psychomotor abilities positively pre-
ict both laparoscopic and endoscopic simulator perfor-
ance.14,15 In vascular surgery, it has been shown that
nnate visuospatial and psychomotor abilities accurately
redict performance on a virtual reality endovascular simu-
ator.16 The Royal College of Surgeons in Ireland has
ecently begun to evaluate both basic surgical skills, includ-
ng knot tying, suturing, and laparoscopic skills, as well as
nnate psychomotor, visuospatial, and perception abilities
n all candidates for advanced surgical training.17 Identifi-
ation of aptitudes critical to vascular surgery would be
eneficial both to students considering a career in vascular
urgery and educators seeking to optimize educational
athways.18 I believe there is a need for vascular surgeons to
onsider a more robust selection process that includes
ptitude testing.
VIATION PIPELINE
Once selected for aviation training, student naval avia-
ors (SNAs) enter a highly regimented six-step process
nalogous to residency training consisting of (1) introduc-
ory flight screening (IFS), (2) aviation preflight indoctri-
ation (API), (3) PFS, (4) specialty flight training, (5) fleet
eplacement squadron (FRS) training in a specific aircraft,
nd finally (6) advanced systems and tactics training such as
he “Top Gun” school (Table II). This process takes ap-
roximately 5 to 7 years, comparable to residency and
ellowship training in vascular surgery. The aviation pipe-
ine is a carefully coordinated process that matches the
ntake of new aviation students with the projected need for
uture aviation assets. Unfortunately, this coordination is
argely absent in graduate medical education.
NTRODUCTORY FLIGHT SCREENING
The first stage of Naval aviation training begins before
he candidate ever reaches Pensacola. Pilot candidates are
rst enrolled in a civilian aviation school to log 15 to 25
ours in the cockpit and pass the Federal Aviation Admin-
stration private pilot written examination. This step was
ntroduced in 2001 to screen candidates for basic aptitude
nd motivation and to identify physical conditions such as
laustrophobia and motion sickness that may ultimately
ead to dropouts.
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Volume 55, Number 6 Eidt 1803Although we should be reassured with the popularity of
the 0 5 programs, I think it is important to recognize that
the applicant pool represents 0.5% of the more than
18,000 US medical school graduates. We cannot afford to
take these students for granted. Medical school offers lim-
ited opportunities for students to experience the excite-
ment, challenges, and personal satisfaction of a vascular
surgery career. Students who are assigned to a vascular
rotation frequently spend most of their time performing
rudimentary clerical services under the direction of a junior
level resident. If we intend to attract the best students to
vascular surgery, we must do a better job of exposing the
appealing aspects of our specialty to students and letting
them get their “hands on the stick.” Opportunities that
emphasize surgical skills, such as suturing laboratories and
endovascular simulation, have been reported to be benefi-
cial in attracting medical students to vascular surgery.19,20
For the past 15 years, the Department of Surgery at the
University of Arkansas has required all third year medical
students to participate in a multimedia, hands-on modular
laboratory affectionately called the “Vascular Rodeo,” de-
signed to introduce medical students to the core content of
Fig 2. The 1986 Blue A
Table II. Six-step program for aviation training vs
vascular surgery
Step Aviation Vascular surgery
1 IFS Medical student introduction
(vascular rodeo
2 API Boot camps
3 PFS Core surgery
4 Advanced flight training Vascular specialty training
5 FRS Chief residency
6 Top Gun MOC
API, Aviation preflight indoctrination; FRS, fleet replacement squadron;
IFS, introductory flight screening;MOC, maintenance of certification; PFS,
primary flight school.vascular surgery with emphasis on technical skills and en- sovascular advances. As one step toward improving our
ascular education programs, I believe that we must redou-
le our efforts to invite the best students into the “cockpit”
nd encourage their active participation in surgery. There
ay be opportunities to partner with industry to expose
arly medical students to advanced endovascular devices,
learly one of the most exciting aspects of our specialty.
VIATION PREFLIGHT INDOCTRINATION
The next stage is API. API is an intensive 6-week
ntroduction to meteorology, engineering, aerodynamics,
ir navigation, aviation physiology, physical fitness, and
ater survival, including the “hello dunker,” in which
tudents in full gear must escape from a simulated helicop-
er water landing. The word indoctrination means more
han simply teaching facts and figures. It means to inculcate
set of ideas or attitudes that will underlie future behavior.
tudent aviators are introduced to the culture of safety, the
ecessity of cooperation and teamwork, personal discipline,
nd the importance of doing the right thing regardless of
he cost. SNAs are welcomed into the fraternity of Naval
viators and are reminded of the duties of the individual to
he organization as a whole. After visiting this program, I
as impressed by the overwhelming sense of pride that
hese student pilots demonstrate.
It is my opinion that the rise of vascular surgery as an
ndependent surgical specialty has been the result of our
ustained commitment to the comprehensive care of pa-
ients with vascular disease, rather than enslavement to a
articular operation, technique, or device. It is our com-
itment to the primacy of the patient that will sustain us in
he future. Vascular surgeons stand alone amongst their
urgical peers as the ones to call when bleeding gets out of
and, when the tumor invades vital structures, or when the
unshot wound threatens life and limb. We are a special
roup of surgeons and our residents deserve to recognize
hat they are the “fighter pilots” of the surgical community:
emonstration squadron.ome of the most intelligent, skillful, and resourceful sur-
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June 20121804 Eidtgeons alive. We are competitive, independent and head-
strong, calm under duress and self-assured, highly skilled,
and committed to excellence; characteristics that are critical
to decisive action in the heat of battle. We ignore our own
needs for the sake of our patients and we pay a high price in
physical and mental fatigue. Many of you are aware of the
results of a survey conducted by the American College of
Surgeons indicating that nearly 4 in 10 surgeons exhibit
symptoms of burnout.21 I believe we undervalue the im-
portance of collegiality and common purpose, and that we
need to acknowledge our personal needs and learn to better
care for each other. We should welcome our new recruits
into the family of vascular surgery and indoctrinate them in
our core values. I would argue that the most important
lesson of vascular surgery training is the commitment to
doing the right thing all the time. Given the rapid pace of
technological evolution, it is impossible to predict the tools
that the next generation of vascular surgeons will use, but if
guided by the principles of disciplined, selfless, and patient-
centered care, vascular surgery will continue to prosper.
BOOT CAMP
In addition to a need for indoctrination in our core
values, it has become increasingly clear that medical stu-
dents are arriving at the door of residency inadequately
prepared to handle the responsibilities of direct patient
care.21 In an attempt to prepare medical students for the
direct care of patients, a few schools have experimented
with Boot Camps analogous to the API program22-25
These month-long boot camps are offered during the
fourth year of medical school and offer training in basic
surgical skills and procedures, as well as the management of
common postoperative problems and emergencies. Boot
camps provide an opportunity to establish the foundations
on which future vascular training will be based and should
be mandatory.
PRIMARY FLIGHT SCHOOL
The next stage in aviation training is PFS. PFS is based
on a highly standardized syllabus that includes classroom
courses, simulation, and flying. Progress in the pipeline is
dependent on measured achievement rather than longevity
and service. The primary flight syllabus takes a typical
candidate approximately 6 months to complete.
PFS is comparable to core surgery training. Currently,
the core surgery curriculum is defined by 24 months as-
signed to various nonvascular rotations. Programs vary
widely in curriculum design and expectations of perfor-
mance. Because the curriculum, as it currently exists, is not
competency-based, there is no assurance that trainees will
acquire the critical knowledge and skills that will serve as
the foundation for a lifetime of patient care. In order to
address these issues, the ACGME recently announced pilot
projects in surgery, medicine, and pediatrics to identify
specific measurable milestones for each level of training.26
How these pilot projects will affect vascular surgery is as yet
unknown. In my opinion, the core curriculum needs to be
defined by specific, measurable competencies with promo- dion to advanced surgery dependent upon successful attain-
ent of these milestones much like the aviation syllabus.
DVANCED SPECIALTY TRAINING
After approximately 6 months in PFS, students enter
he three main specialty pipelines: jets, propellers, or heli-
opters. In general, the higher performers enter the
strike” or jet pipeline. Strike students begin intermediate
raining in a generic “student” jet platform for a period of
pproximately 12months, depending on the need for pilots
nd the availability of training resources. At the completion
f the Tailhook syllabus, approximately 80% of these inter-
ediate students are selected for advanced strike training,
eading ultimately to tactical jets like the F/A-18 Super
ornet and the Joint Strike Fighter F-35 Lightning II.
fter this segment of training, the SNA is awarded “wings”
ignifying recognition as a Naval aviator.
A typical day in flight school begins with a detailed
ne-to-one preflight briefing based on a specified checklist.
he student is expected to have reviewed the assignment
or the day and be able to discuss the critical steps. In most
ases, he or she will have practiced the assignment in a
ockpit simulator with another student or instructor. He or
he must be able to recite from memory specific emergency
ction items such as the response to an engine failure.
urther, the student is required to report any personal
hysical or psychological problems that might interfere
ith successful completion of the mission. The mnemonic
MSAFE stands for illness, medication, stress, alcohol, fa-
igue, and emotion. There is a strict 12-hour “bottle to
hrottle rule” that means that the trainee is completely free
rom the effects of alcohol. The instructor may cancel the
ight if the student is not fully prepared both mentally and
hysically for flying.
This act of formal self-assessment is largely absent in
urgical training despite the multitude of human factors
hat should be considered before embarking on a complex
urgical journey. One highly publicized recent report indi-
ates that modest alcohol consumption in the evening may
ave lingering effects on the performance of laparoscopic
kills as late as 4 PM the following day.27 There is ample
vidence that extreme fatigue is associated with deteriora-
ion in selected performance criteria.28,29 It is the basis of
niversal flight crew rest rules. Based on similar logic,
esident duty hour restrictions were enacted, in part, to
educe medical error by reducing fatigue. Unfortunately,
here is little evidence that duty hour restrictions have been
ffective on either count: residents do not consistently
eport less fatigue (due in part to increased moonlighting)
nd surgical errors have not decreased.30,31 In fact, the
ncrease in the number of handoffs has had the perverse
ffect of increasing the rate of communication errors with
ubsequent consequences for patient care.32 In the end,
atigue and stress are inevitable. An alternative strategy is to
earn to recognize fatigue, mitigate its effects, and manage
he consequences rather than by attempting to avoid fa-
igue through arcane regulation. But if we do not learn to
o a better job of policing ourselves and acknowledging
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Volume 55, Number 6 Eidt 1805that there are times when we would be better off to cancel
a case than push forward in a state of physical or mental
exhaustion, others will assume this responsibility in the
name of patient safety. I am not suggesting that needed
care be withheld because you have had a tough day, but we
must learn that we are human, we have limits, and some-
times we are simply not “fit for flying.”
PREOPERATIVE BRIEFING
James McGreevy, a pilot and surgical educator, has
recommended that specific defined learning objectives be
established before every operation.33 Residents should be
required to have prepared for elective procedures by com-
pleting appropriate reading, reviewing relevant anatomy,
be able to describe the steps of the operation, and the
management of common intraoperative emergencies. The
time constraints imposed by the reality of patient care
cannot be ignored. Flight instructors are not expected to
teach student pilots with a plane load of paying passengers!
But it should be built into the fabric of residency training
that rarely should an operation be undertaken without an
adequate preoperative briefing between the staff surgeon
and resident, even if it only occurs at the scrub sink.
At the end of each flight, the instructor completes a
detailed, objective assessment of the flight performance.
The student and the instructor review the key lessons of the
day, with emphasis on areas of improvement and attention
to critical points of failure. Despite the evidence supporting
proximate feedback in surgery, many surgical trainees com-
plain that current evaluation methods are inadequate and
inaccurate.34 In the words of Lord Kelvin, “If you cannot
measure it, you cannot improve it.” Unfortunately, the
development and validation of reliable tools for the objec-
tive assessment of surgical competence remains elusive.
Despite widespread recognition as a pioneering effort, the
Toronto Objective Structured Assessment of Technical
Skills (OSATS), introduced in 1997, has not been widely
adopted because of the expense, complex organization, and
faculty time required for implementation.35 Evaluation
tools specific to vascular surgery have not yet been vali-
dated. Although endovascular simulators have the potential
to provide mathematical and statistical feedback, the reli-
ability and clinical relevance of these measures remain un-
proven.36 As a start, I believe that we should develop a Basic
Vascular Skills curriculum similar to the Fundamentals of
Laparoscopic Surgery model. I propose that all residents
attain a satisfactory performance to qualify for Board certi-
fication. A similar process could be used for recertification.
FLEET REPLACEMENT SQUADRON
Before the new pilot joins his first squadron, he or she is
trained in the aircraft specific to that squadron, a process
that occurs in the FRS. Before the introduction of this
transitional phase of training in the 1960s, inexperienced
pilots were often thrust into combat with dire conse-
quences.
The FRS is similar to the Chief Resident year in which
the trainee assumes near-complete responsibility for devel- aping and executing complex treatment plans before enter-
ng practice. Unfortunately, surveys suggest that many
nishing residents express doubts about their readiness for
ndependent practice.37 Although it is natural and probably
eassuring that trainees acknowledge their limitations,
here is concern that the Chief residency experience has
een irreparably diminished by medico-legal and reim-
ursement issues. Furthermore, I suspect that some 0  5
esidents will elect to pursue additional advanced training
n the open treatment of thoracoabdominal aneurysms, or
n branched and fenestrated endografts. One solution is to
evive self-funded Super Chief positions that occur after
ompletion of residency and beyond the reach of ACGME
egulations prohibiting the trainee from billing for services.
ASCULAR SURGERY SIMULATION SUMMIT
Senior aviators are required to participate in an ongoing
rocess of self-improvement that includes the use of mul-
imillion dollar, high-fidelity, full flight simulators. Due to
he enormous expense associated with live cockpit training,
igh-fidelity flight simulation is cost effective. For example,
urrently, about 12% of the FA-18 Super Hornet syllabus
ccurs in a flight simulator with a plan to increase to more
han 40% over the next decade resulting in multibillion
ollar savings across the entire range of military aviation.38
When the aviation model is invoked in the context of
urgical education, most people immediately imagine so-
histicated surgical simulators in which surgical trainees
ill rehearse an operation before undertaking the actual
rocedures, where accomplished surgeons can obtain de-
iberate practice much like musicians or athletes, and where
ecertification depends on the ability to manage emergen-
ies in a simulated surgical “cockpit.” Unfortunately, the
romise of patient-specific, high-fidelity, virtual reality vas-
ular surgical simulation remains largely unfulfilled due to
he enormous development costs, and the computational
omplexity associated with mimicking the response of tis-
ue to deformation.39-41 Low-fidelity, low-cost simulation
s effective for teaching basic surgical skills such as suturing
nd knot tying, or the sequence of steps in an operation to
ovice surgeons, but is remarkably ineffective for advanced
earners where fidelity is critical. One of the obstacles to
dvancing the state of vascular surgery simulation is the
bsence of a forum dedicated to this purpose. To advance
he development of vascular-specific simulation, I believe
hat we should establish a Vascular Surgery Simulation
ummit devoted to academic progress in all aspects of
ascular education, including curriculum development,
pen and endovascular models, assessment tools, and inno-
ation.
OP GUN
In addition to simulation training, senior aviators may
ualify for advanced training opportunities such as Naval
trike and Air Warfare Center, the home of Top Gun. I had
he privilege of visiting Naval Air Station Fallon as the guest
f Rear Admiral John W. Miller. The base is located about
n hour east of Reno in the high mountainous dessert of
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June 20121806 Eidtnorthern Nevada. It is an ideal location for advanced strike
training due to the remote location and varied terrain. I was
surprised to find that the “Top Gun” school was developed
as a response to a crisis in Naval aviation.
In 1968, the United States was losing the air war in the
skies over North Vietnam despite technological superior-
ity.42 Introduced in 1960, the F-4 Phantom was the pre-
mier fighter in both the Navy and Air Force. At mach 2.2,
it was faster than the Russian-made Migs and its air-to-air
missiles had greater range. The missile capabilities were
believed to be so effective that the conventional cannons
were abandoned. Close range “dog fighting” was elimi-
nated from the training syllabus and elevated to a punish-
able activity for Navy pilots. In assessing the reasons for the
startling failure of American air power, Captain Frank Ault
concluded, in a now famous report, that there was inade-
quate air-crew training in realistic air combat maneuver-
ing.43 In response, the Navy established the Advanced
Fighter Weapons School at Miramar in Southern California
in 1969 so pilots were able to experience realistic head-to-
head air combat with instructors flying enemy planes.
Within a short time, the Navy kill ratio in Vietnam reached
an astounding 12:1 predominantly by improving training
tactics. In discussions with the current faculty at Naval
Strike and Air Warfare Center (NSAWC), it was empha-
sized that cockpit simulation alone is no substitute for
realistic air combat maneuvering.
Currently, surgeons in practice seeking advanced skills
training are faced with an ever-expanding, uncoordinated,
and unregulated maze of symposia, industry-sponsored
weekend courses, commercial workshops, congresses, and
meetings. In an era of mandated life-long learning, wemust
simply do better to provide advanced skills training, free of
commercial bias, to surgeons in practice.
BIRTH OF CHECKLISTS
Up until this point, I have focused primarily on indi-
vidual performance. During the past few years, systems
analysis suggests that surgical outcomes extend beyond the
skills and judgments of individual surgeons to include
interactions between members of the surgical team and the
surgical environment (Fig 3). Aviation and safety are so
closely intertwined that it is difficult to imagine one with-
out the other. But that has not always been the case. During
the first half of the 20th century, pilots resisted the kinds of
standardization, checklists, and procedures that many sur-
geons find intrusive and distracting today.
The birth of checklists in aviation is traced to a crisp fall
morning in Dayton, Ohio in 1935. In response to a request
from the Army Air Corps for a bomber with improved
payload and range, three planes competed in a “fly-off”: (1)
the Douglas DB-1, essentially a military version of the
civilian model DC, (2) an upgraded version of the Martin
B-10, the dominant bomber in the US inventory, and (3)
the Boeing Model 299.44 The four-engine Boeing was a
much more powerful and, some said, unruly plane. On the
morning of the test flight, Major Ployer Hill, one of the
most respected test pilots of the era, guided the Boeing to lpicture-perfect takeoff. Onlookers were silent as the plane
scended steeply to about 300 feet off the ground when it
uddenly, and inexplicably, paused, banked abruptly, and
rashed in a fireball. Two of the five crewmen died. The 299
as labeled a death-trap, too complicated to fly safely. In
he analysis of the crash, investigators blamed the crew for
orgetting to release a simple lock designed to protect the
ontrol surfaces from damage in strong winds. Hoping to
void the fate of the Dayton crew, pilots at Langley as-
igned to continue testing the 299 began to make lists of
verything they had to remember before takeoff. With the
id of a simple preflight checklist, the Model 299 went on
o play a decisive role in World War I in the form of the
-17 Flying Fortress. Some historians have suggested that
f the preflight checklist had not been developed, the out-
ome of World War II would be uncertain.
There is mounting evidence that standardization and
hecklists in surgery save lives.45 The World Health
rganization surgical checklist, developed by Gawande,
as been shown to reduce mortality by 30% to 50% at
irtually no cost.46 Recently, the same group introduced
series of 12 “Crisis Checklists” that cover the most
ommon surgical emergencies.47 These checklists are
ot designed to replace skill, judgment, or innovation,
ut to make certain that uncommon but critical actions
re performed. There is no substitute for experience in
he cockpit or the operating room, but I believe that
ascular surgery training could be improved by the de-
elopment of standardized specialty-specific crisis check-
ig 3. “Now don’t be deceived, I’m making this look very easy.”
opyright 2011, Andrew Evans, MD.ists.
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Recent publications have documented the startling
number of interruptions and distractions that occur during
the course of routine surgical procedures.48,49 Disruptions
have been shown to affect the quality of surgical care, a fact
that surgeons are less willing to acknowledge in comparison
to other members of the surgical team.50,51 During the
critical phases of an operation, the resident should be free
from extraneous distractions, including questions regard-
ing management of patients outside the operating room.
In aviation, commercial carriers enforce a so-called
“sterile cockpit” rule during mission-critical phases such as
below 10,000 feet, whereby extraneous conversation unre-
lated to the active process of flying is prohibited.52 The
process of invoking the “sterile cockpit rule” is public,
explicit, and formalized to assure that all members of the
team are aware it is in effect. We have considered installing
the equivalent of an “on air” sign above the operating room
door to alert all involved that surgery is underway and
appropriate etiquette is required. When the sterile cockpit
rule is in effect, we expect the operating team to remain
intact, including the surgeons, the circulating nurse, the
surgical scrub technician, and at least one member of the
anesthesia team.
LIMITATIONS
I readily admit that vascular surgery is not flying. The
human body is far more complex than even the most
sophisticated flight deck. I have interviewed numerous
surgeons who are pilots and not one believes that flying is
more difficult than operating. In addition, the resources
committed to aviation training dwarf the budget commit-
ted to surgical education. It is estimated that the Navy
invests up to $9million dollars in training each fighter pilot,
whereas direct and indirect medical education costs for a
vascular resident are approximately $675,000. The federal
government is the primary source of funding for graduate
medical education through supplementation of hospital
reimbursement. Recent events threaten to drastically re-
duce graduate medical education (GME) funding at a time
when shortages in the physician workforce, and particularly
the surgical workforce, seem likely. In specific, the Medi-
care Payment Advisory Commission has stated that up to
50% of indirect GME reimbursement is not “empirically
justified” by actual hospital costs associated with education.
The Simpson-Bowles Deficit Reduction Commission has
recommended a reduction in total GME funding of more
than $60 billion over 10 years. It has been estimated that
there will be a shortage of 750 to 1000 vascular surgeons
over the next 20 years.53 At first glance, it would seem that
the addition of the 0  5 integrated residencies would be
able to meet the demand. But in many institutions, the cap
on residency positions at 1997 levels may force some pro-
grams, such as ours, to eliminate 5  2 positions. The net
effect on the total number of vascular surgeons entering the
workforce over the next few years remains uncertain but hay threaten our ability to meet the needs of the growing
eriatric population.
I conclude my remarks by affirming that the current
tate of vascular education is strong. But I believe that there
re simple lessons that we can borrow from others in the
usiness of educating high-stakes performers that can make
s even stronger. As I review this list of recommendations,
sk yourself how you can personally contribute to educat-
ng the next generation of vascular surgeons. In particular,
would make you aware of a new Society for Vascular
urgery initiative headed by Richard Cambria, MD, to
xpand the number of vascular training positions in places
hat have not traditionally been considered “academic”
nstitutions. I encourage you to consider how you canmake
his effort successful.
The following items represent specific areas for im-
rovement in vascular education:
1. Expand innovative educational opportunities, like the
“Vascular Rodeo,” for students to experience the ex-
citement of vascular surgery.
2. Refine the selection process of vascular residents to
include validated aptitude testing.
3. Require that all trainees participate in “Boot Camps”
before residency to assure grounding in practical pa-
tient care skills and indoctrination into the traditions,
values, and behaviors unique to our specialty.
4. Develop a vascular syllabus that is competency-based
with measurable endpoints to assure that all vascular
surgeons retain the core surgical skills to provide com-
prehensive care to the vascular patient.
5. Incorporate the processes of preoperative briefing,
postoperative debriefing, and personal self-evaluation
(IMSAFE) into the fabric of surgical training.
6. Expand the availability of specialty fellowships or “su-
per chief” positions to ease the transition into indepen-
dent practice.
7. Establish a Vascular Surgery Simulation Summit to
advance the development of patient-specific virtual
reality simulation.
8. Enhance opportunities for advanced skills training for
surgeons in practice.
9. Encourage vascular surgeon leadership of a systems
approach to surgical safety, including team training
and the development of standardized emergency
checklists.
0. Finally, increase the number of vascular training pro-
grams by 50% over the next 5 years.
The Southern Association for Vascular Surgery was
ounded on two core principles: advancing surgical educa-
ion and encouraging collegiality. I believe that there is no
reater privilege than to pass your knowledge and experi-
nce to the next generation for the benefit of others. I
elieve that our fraternity in this organization is vital to
aintaining an exemplary standard of surgical care for our
atients. I want to say again how much I appreciate the
onor of serving as President for the past 12 months. It is
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June 20121808 Eidtthe highest honor of my life and I am deeply grateful to
you all.
I wish to express my appreciation to Admiral Patrick
Walsh, Rear Admiral John W Miller, LCDR Jonathan
Leibig, MD, and Commander John Sims, MD, for their
invaluable assistance and insight during the course of this
project.
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